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FEATURES 


— Controi for 640 x 200 or 640 x 400 LCD dispiays 
— PC bus interface 
= Singie chip, requires no glue logic 


= PC compatible graphics support for CGA, double 
scan CGA, MDA or ATT standards 


= 6845 compatible i/O registers 

— RAM based soft font 

— ROM BIOS support for multiple character sets 
< Eight tevel gray scale support 

= Loew power CMOS, singie 5V supply 

= 100 pin QFP package 


DESCRIPTION 


The VG-600 provides the easiest implementation 
and lowest cost single chip LCD controller for use 
in PC applications. The flexibility of the VG-600 
allows use of many popular LCD displays of either 
640 x 200 or 640 x 400 resolution (pin seiectabie). 
Popular PC display standards are provided. inctud- 
ing MDA. double scan CGA, CGA and AT&T graph- 
ics standards. 


The VG-600 is designed explicitly for PC applica- 
tions of liquid crystal dispiays. And the VG-600 con- 
tains ALL logic necessary for the LCD interface. No 
external glue logic is required. 


The VG-600 contains key additional features in 
dealing with character generation and fonts. The 
VG-600 provides for a soft font that is RAM based. 
The font is initialized by the BICS from a font stored 
in ROM with the BIOS and can be easily changed 


to other fonts which may be loaded from disk by 
calling a BIOS provided utility. Support for font 
initialization and the utility for loading additional 
fonts is provided by the Vadem BIOS. In the event a 
non-Vadem BIOS is used, Vadem provides a smaii 
external display BIOS for font initialization and 
updating only. 


Because the VG-600 provides LCD control with an 
absolute minimum component count and low power 
consumption, the VG-600 is the LCD controller of 
choice for a wide variety of applications in which 
size and power are critical elements. This includes 
all ranges of laptop personal computers and other 
types of dedicated, portable or handheld computer- 
based devices. In addition, the low cost of imple- 
mentation with the VG-600 makes it ideal for other 
applications of LCD control, regardiess of form 
factor or power requirements. 
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VG-600 PIN DESCRIPTION 
PIN i/O0 | FUNCTION 
SA[O. . 19] 50-51 | | System Address bus. Selects register and memory addresses for data transfer to and. 
§3-55 from the host CPU. | 
57-59 i 
63, 66-68 

70-72 

74-76 

78-79 
SD[O. .7] 94-91 VO | System Data bus. Carries data being transterred between VG600 and host CPU. | 
88-85 i 
80 | | Memory read strobe. When low, the VG600 places the contents of the video memory 
addressed by SA[O. . 19] onto the SD bus. ! 
81 | | Memory write strobe. When low, the VG600 writes the data on SD[0. . 7] into video | 
memory addressed by SAO. . 19]. | 


VO read strobe. When iow, the VG600 places the contents of the i/O port addressed by 
SA[O. .9}] onto the SD bus. 


*SIOWR V/O write strobe. When tow, the VG600 writes the data on SD[O. . 7] into the /O pon 
addressed by SA[Q0. .9]. 


iOCHRDY 82 | © | ¥O channel ready. Goes low during host CPU accesses to video memory to request 
CPU wait states as needed. 


SAEN ee fea Address enabie. The host CPU drives this line high to indicate a DMA cycie is in 
process. 


Osc 1 | 14-16.7 MHz clock. Continuous clock determines ail VG600 timing. Need not be 
synchronous with host CPU clock. 


RESET iS = Power on reset. Driven high by host system to initialize ail internal iogic and registers. 
VD{0. . 15] 


VD[8. . 15] not used in 200 line mode. VD15 must be grounded to put VG600 in 200 line 
mode. 


11, 13-14 


Video RAM data bus. Carries data being transferred between video RAM and VG6OO. 
18, 20-21 


VMA[O. . 7] 23-24 Video DRAM address bus. Multiplexed row and column address bus for 64K x 4 DRAM. 
27-32 Selects video memory address. 

*RAS[O. .1] 46-47 Row address strobes. When iow, strobe row address on VMA[O. . 7] into video DRAM. 
RASO for even bank, RAS1 for odd. 

*CAS[O. . 1] 48-49 Column address strobe. When low, strobe column address on VMA[O. . 7] into video 
DRAM. CASO for even bank, CAS1 for odd. 

["we [| ___34 __‘| O | Write enable. When tow, indicates that video memory cycle in progress is a write cycle. 

TLCD[O. .3] LCD upper data bus. Carries pixei data for upper half of dual screen displays, or for 

single screen displays, from VG600 to LCD unit. 


VG600 to LCD unit. 


SHCLK 4 LCD data shift clock. On the failing edge, clocks data on TLCD [0. .3] and/or 
BLCD[G. .3] into LCD unit. 


rrocuk = =6{[ 5 |0} LCD line toad clock. indicates one line of pixels has been transferred into LCD unit. 


ice ie LCD frame sync. indicates that line of pixels just transterred is the first line of a new 
frame. 


in AC drive to LCD. Square wave output required by some LCDs. Period equais two frame 
times. 


fe ——«| ~— 28 —«d| | Clock to LCD. Clock required by some LCDs. Frequency is 1/20 SHCLK rate. 
rer | 
16 
Vv. 90, 65 
ee a eee ee ee 


Even bank address bus. This is a demultiplexed VMA bus to be connected to the 
address lines of the even bank of video RAMs when static RAM is used instead of 


DRAM. 


BLCD{O. .3] Pee ee LCD lower data bus. Carries pixel data for lower half of dual screen displays from 


Even bank write enable. This is a latched write enable to be connected to the write 
enable line of the even bank of video RAMs when static RAM is used instead of DRAM. 
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DISPLAY TYPES AND CLOCK RATES 


Four basic display types are supported, with varia- 
tions among those types. These types are 1) 400 
line dual screen (1/200 multiplexing) with Sharp- 
type timing, 2) 400 line dual screen with generic 
timing, 3) 200 line duai screen (1/100) and 4) 200 
line single screen (1/200). The display type is 
selected by the programmable LCDTYP bit and 
jumper selected 200LINE (VD15) bit according to 
the following table: 


a ae a ae eee 


si 0 


als 
71.7 


The CLOCKS and REFR columns in the table 
describe the timing cycie in terms of the number of 
VOSC clocks and the frame refresh rate. In general, 
VOSC is 14.318 MHz, except for certain 400 line 
displays which require a 16.7 MHz clock to meet 
their 70 Hz refresh rate spec. The 14.31818 MHz 
clock duty cycle range is 40% to 60%. Faster 
clocks MUST have a 50% duty cycle. it is important 
to note that in 80 column text modes using 200 line 
displays, only one host access per 25 clocks is 
allowed. 


For 400 line dispiays such as Sanyo which require 
a 70 Hz refresh rate, higher clock rate of 16.7 MHz 
is necessary. This reduces the clock period from 

70 ns to 60 ns, and therefore 100 ns DRAM for 
video RAM is required. At this speed, even with the 
50% duty cycle requirement, certain timing margins 
are narrow. The worst case is tRP. The VG600 can 
theoretically provide 90 ns assuming perfectly 
matched internal delays, and the minimum require- 
ment is 80 ns for Fujitsu and 90 ns for NEC parts. 
tRAS cannot be shaved much to compensate for 
this, because the VG600 theoretically provides 

120 ns and the devices required 100 ns. 


VIDEO MEMORY CONFIGURATION 
400 Line DRAM Configuration 


A 400 line display requires 128 Kbytes of DRAM, 
configured as 4 64K x 4 DRAMs. The multiplexed 
row/column address bus is VMA[O. .7]. The DRAM 
data bus is VD[0..15]. The DRAM array is divided 
into an even addressed bank (VAO is reset) and an 
odd addressed bank (VAO is set). The addresses 
are multiplexed such that VA1 and VAS are multi- 
plexed onto VMAO, and so on until VA8 and VAT6 
are multipexed onto VMA7. *VRASO and *VCASO 
are the row and column address strobes signal for 
the even bank; *VRAS1 and *VCAS1 are the row 
and column address strobes for the odd bank. *WE 
is the write enable signal for both banks. The out- 
put enable signais for both DRAM banks are aiways 
active. 


The 128 Kbytes is divided into severai sections: 


Display Buffer 
Character Generator 
Reguiar 
Character Generator 
Enhanced 
Private Mamory 
Private Memory 


_ OBFFFH} 


. .OF FFFH] 


.. 17FFFH] 
.. 1FFFFH] 


Private Memory is for the exclusive use of the ROM 
BIOS. It may be only accessed through the SA 
memory address range (ES000H. .EFFFFH] when 
MAP[1 . .0] are set as in the table. 


In MDA mode, the lower 4 Kbytes of the Display 
Buffer, [(OOO00H . .OOFFFH] is exactly the same as 
the IBM compatible 4 KByte MDA Display Buffer at 
the SA address [BOO00H .. .BOFFFH]. The remaining 
28 Kbytes (01000H. .O7FFFH] are unused. In ATT 
mode, the Display Buffer is exactly the same as the 
ATT compatible 32 Kbyte Dispiay Buffer at the SA 
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address (B8000H. . BFFFFH]. The display buffer 
may aiso be accessed through the SA memory 
address range {E8000H. .EFFFFH] when MAPO and 
MAP1 are reset. 


The Regular and Enhanced Character Generators 
may be accessed through the SA address range. 
{EBO00H. . EFFFFH] when MAPt is reset and MAPO 
is set. The Reguiar anc Enhanced Character Gen- 
erators each nave four 4 Kbyte character sets: 


Character Set 
A normal 


SA 


0000-OFFF 
1000-1FFF | A underline 
2000-2FFF | B normai 

3000-3FFF | B underiine 
4000-4FFF | A enhanced 
5000-5FFF | A ennanced underline 
6000-6FFF | B enhanced 
7000-7FFF | B enhanced underline 


VA Address Range 


[O8000H . .O8FFFH} 
[O9000H . . O9FFFH] 
[OAOOOH . . CAFFFH] 
[OBOOOH .. OBFFFH} 
[OCOOOH . .OCFFFH] 
[ODOOOH .. ODFFFH} 
[OEQ00H . .CEFFFH] 
{OFOOOH . . OFFFFH] 


Each character set has 256 characters. Each chara- 
cter has 16 character scan fines. Each character 
scan line is one byte. SA[O. .3] addresses the scan 
lines in the usual order, with the first byte corres- 
ponding to the top scan line. VA{0. .3] addresses 
the scan lines in a different order. The top eight 
scan lines are contained in the even addressed 
banks (VAO reset), while the bottom eight scan lines 
are contained in the odd addressed banks (VAO 
set). This is accomplished by hardware mapping 
SA3 to VAO and SAO to VAS for system accesses to 
the character generator area. Bit 7 corresponds to 
the leftmost pixei of a scan line. Characters with the 
intense attribute use the Enhanced Character Gen- 
erator. Characters without the intense attribute use 
the Reguiar Character Generator. 


400 Line Static RAM Configuration 


Static RAM may also be used with the VG60O. If 
private memory is not needed, only two 32K x 8 
RAMs are required, one for the odd and one for the 
aven bank; otherwise four RAMS are required. 
Where only 2 RAMS are used two octal latches, two 
inverters, and a NOR gate are required. EA{1. .15] 
are connected to A[0. . 14] on the even RAM. If the 
RAMs are battery backed, add one OR gate per 
RAM for power down disabling. The external logic 
must be 74AC series. 120 ns RAM wili suffice if the 
clock rate is 14.31818 MHz. A 16.7 MHz clock 
requires 100 ns RAM. 
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200 Line DRAM Configuration 


A 200 line display requires only the lower 64 Kbyies 
of DRAM. The VD15 pin must be jumpered to 
ground to put the VG600 in 200 line mode. The 
state of this pin is checked only while the RESET 
pin is high. The muitiptexing of the VMA bus is dif- 
ferent in 200 line mode, but this has no effect on 
system operation. Since there is only one 64 Kbyte 
bank VAO becomes a memory address bit instead of 
a bank select, and VA16 is no longer used. VA? and 
VAQ are still multiplexed onto VMAO, and so on until 
VA7 and VA15 are multiplexed onto VMA6. How- 
ever, VAO and VA8 are now muitiplexed onto VMA7. 


The 64 Kbytes is divided into 4 sections: 


[0000H-3FFFH} 
[4000H-SFFFH} 


Dispiay buffer 

Character generator 
MDA 

Character generator 
ATT 

Private memory 


{6000H-7FFFH} 


[B00CGH-FFFFH] 


Private memory is as described in a previous 
section. 


in MDA mode, the lower 4 Kbytes of the Display 
Buffer, [0000H . .OFFFH] is exactly the same as in 
IBM compatible 4 Kbyte MDA Disptay Buffer at the 
SA address {BOOOH .. .BOFFFH]. The remaining 12 
Kbytes are unusabie. In ATT mode, the Dispiay Buf- 
fer is exactly the same as the CGA compatible buf- 
fer at the SA address [B8000H. .BBFFFH]. The dis- 
play buffer and the character generators may aiso 
be accessed through the SA memory address range 
[E8000H . .EFFFFH] when MAPC is reset. 


The 200 line character generators are organized as 
follows: 


SA and VA 
Address Range Character Set 


. 4FFFH] | A, regular and enhanced 


{5000H. .SFFFH] | A, underline and enhanced underline 
(6G00H. .6FFFH] | B, requiar and enhanced 
[7000H. .7FFFH] | B, underiine and enhanced underline 


Each character has 8 character scan lines, each of 
which is one byte. Ordinarily a 200 line character 
set would be haif the size of a 400 line set, but to 
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simplify the chip design, the number of bytes per 
character in the character set was kept the same by 
interleaving the requiar and enhanced character 
generator sets to combine them into one. The 200 
line character sets therefore consist of 256 pairs of 
characters, where the first character of each pair 
(SA3 = 0) is the standard font, while the second 
(SA3 = 1) is the same character but in enhanced 
font. SA[O. .3] addresses the scan lines in the usual 
order, with the first byte corresponding to the top 
scan line. VA[O. .3] addresses the scan lines in a 
different order. The normal font scan lines are con- 
tained in the even addressed banks (VAO reset), 
while the enhanced font lines are contained in the 
odd addressed banks (VAO set). This is accomp- 
lished by hardware mapping SA3 to VAO and SAO to 
VAS for system accesses to the character generator 
area. Bit 7 corresponds to the leftmost pixei of a 
scan line. As in 400 line mode, characters with the 
intense attribute use the enhanced font. 


200 Line Static RAM Configuration 


Static RAM may also be used with the VG600. If 
private memory is not needed, only one 32K x8 
RAM is required, otherwise two RAMs are required. 
Where only one RAM is used, no glue logic is 
required. The RAM address lines are connected 

to the EA[i. .5] Bus. Due to the muitiplexing dif- 
ferences described in the previous section, 

EA[1. .7,9..14] correspond to nominal memory 
addresses [1. .7,9. . 14] but EA6 corresponds to AO 
and EA15 corresponds to A8. If the RAMS are bat- 
tery backed, add one OR gate for power down 
disabling. 120 ns RAM will suffice if the ctock 

rate is 14.31818 MHz. A 16.7 MHz clock requires 
100 ns RAM. 


GRAPHICS SOFTWARE CONSIDERATIONS 


6845 Compatible iO Registers 


Both the MDA mode and the ATT mode use 6845 
Compatible IO registers. The 6845 compatible |O 
registers occupy two byte wide !O locations, mir- 
rored four times over an eight byte range. In MDA 
mode these are at 3B4H for the Index Register and 
3B5H for the Data Register with a range of 3B0H to 
3B7H. In ATT alpha modes these are at 3D0H for 
the index Register and 3D1H for the Data Register, 
also mirrored three more times over the range 
3D2H to 3D7H. The same physicai registers are 
used for the MDA mode and for the ATT alpha 


modes. These registers are not used in ATT APA 
modes, but the VG600 hardware expects the firm- 
ware to set the Display and start Address Registers 
to 0 in APA modes. The 8-bit Index Register (IR) is 
used to select the internal 6845 register that may 
be accessed through the Data Register (DR). The 
VG600 impiements the following internal 6845 
reqisters: 


| index | Register | its 


Cursor start Scan Line 
Cursor End Scan Line 
Display start Address MSB 
Disptay start Address LSB 
Cursor Address MBS 
Cursor Address LSB 

Light pen dummy register 
Light pen dummy register 


CSSL[5. .6] cursor contro! functions are imple- 
mented as in the IBM spec, not as the 6845 

uses them. See the table tater in this section. 
CSSL[O. . 4] determines the scan line that the cur- 
sor Starts on. CESL[O. .4] determines the scan line 
that the cursor ends on. For 400 line displays in 
ATT modes CSSL and CESL are doubled and CESL 
is then incremented by one. For 200 line displays in 
MDA mode CSSL and CESL are haived. DSA[O. . 13] 
is used in determining the address of the upper left 
character of the display. CSA[O. . 13] is used in 
determining the address of the cursor. Light pen 
dummy registers 10H and 11H are read-only and 
return a value of 0. For vaiues of IR[O. .4] other 
than (OAH. .11H,OCAH. .OCFH]; the DR is unde- 
fined when read and ignored when written. Unlike 
the 6845, IR[5..7] are significant when written to 
allow access to the special VG600 registers. Asser- 
tion of the RESET signal wiil reset all IR, CSSL, 
CESL, DSA and CSA bits. 


The configuration and palette registers in the chip 
are accessed the same way as the 6845-compatibie 
registers. LCOCFA and LCDCFB are the configura- 
tion registers. The palette registers hold the gray 
scale shading used in ATT text and 320 x 200 
graphics modes. 
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The bit definitions for LCDCFA and LCDCFB are: 


Signai(s) 


LCDCFAO ATT 
LCDCFA1 LCDTYP 
LCDCFA2 "LCDREN 
LCDCFA3 200 LINE 
LCDCFA4 RVVD 
LCDCFAS PVTMEM 
LCDCFAI6. .7] MAP(O. . 1] 
LCDCFBIO. . 2] RESERVED 
LCDDFB3 CHARSETB 
LCDCFBI4. . CURBLK(O. . 1] 


LCDCFBI6. . ATTBLK(O. . 1] 
Assertion of the RESET signal will reset LCDCFA(2, 
4..7] ana LCDCFBJO. . 7] and set LCDCFA[O, 1]. 


LCDCFAO is the ATT bit. When ATT is set, the LCD 
video subsystem is ATT compatible; when ATT is 
reset, the LCD video subsystem is MDA compatible. 


LCDCFA1 ana LCDCFAS3 indicate the type of LCD 
display to be connected. The display type is 
selected by the LCDTYP[O,1] bits according to the 
table in section 2. 


LCDCFAZ2 is the *“LCDREN bit. The LCD video sub- 
system always allows writing to both the LCD 
DRAM and the LCD I/O registers. All writeable 
registers in the VG600 are capable of being read. 
The *LCDREN bit determines when the VG600 
responds to read accesses. If “LCDREN is set then 
the VG600 wiil not respond to read accesses to the 
\/O ports or to the display memory area in DRAM. If 
*LCDREN is reset the VG6O00 will respond to all 
read accesses. 


LCDCFA4 is the RVVD bit. When RVVD is reset, 
the LCD image is normal — a one produces a one 
in the LCD data stream. When RVVD is set, the 
LCD image is reversed — a zero produces a one in 
the LCD data stream. 


LCDCFAS is the PVTMEM bit. When PVTMEM is 
set, the 32 Kbyte video DRAM section specified by 
MAP[O. . 1] may be accessed in the [E8000H. . 
EFFFFH] memory address range. When PVTMEM 
is reset, accesses to (E8000. . EF FFF] will be 
ignored. 


LCDCFA|6. .7] are MAP[O. . 1]. MAP1 has no effect 
if a 200 line display is used. MAP[O0. . 1] is used to 
specify which of the four 32 Kbytes sections of 
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Video DRAM is mapped into the {E8000H. . 
EFFFFH] memory address range. Refer to the 
tables in the Memory Configuration sections for the 
usage of these bits. 


LCDCFB[4. .5] are CURBLK(O. . 1]. CURBLK[O. . 1] 

are used in conjunction with bit 5 of the Curser start 
Scan Line Register, CSSL5, to contro! cursor blink- 

ing in text modes: 


| CSSLR6 | CSSLAS | CURBLK:1 | CURBLKO | 
x x x 


0 0 


Not displayed 
Steady 
1/64 frame 
rate blink 
1/32 frame 
rate blink 
1/16 frame 
rate blink 


oo - 


LCOCFB[6. .7] are ATTBLK[O. .1]. ATTBLK[O. . 1] 
are used to control the blinking rate of characters 
displayed with the blinking attribute in text modes: 


| ATTBLKt | ATTBLKO Blink Rate 


0 Steady 
1 
0 
1 


1/64 frame rate blink 

1/32 frame rate blink 

1/16 frame rate blink 
The palette registers are organized as four 8 bit 
registers, each containing two 4 bit grayscale 
codes. The even palette register occupies the lower 
nibble of the register, and the odd palette register 
occupies the upper nibble. The usage of the paiette 
registers is described in the ATT Mode section. 


MDA Mode 


When MDA mode is selected, the VG600 responds 
to /O accesses in the ([3B0H. .3BBH] range. The 
/O port at 3B4H is the 6845 compatible write only 
8-bit index Register (IR). The i/O port at 3B5H is the 
6845 compatible Data Register (DR). DSA[O. . 10] 

*2 is the word address of the upper left corner 
character/attribute. 


The write only 2-bit MDA CRT Control Port (MDAC) 
is at I/O address 3B8H. A set MDAC3 enables 
video, a reset MDACS disables video. A set MDAC5 
enables the blinking attribute; a reset MDAC5 
disables the blinking attribute. MDAC[O. .2,4,6. . 7] 
are ignored when written. Assertion of the RESET 
signal will reset MDAC[3,5]. 
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The read oniy 2-bit MDA CRT status Port (MDAS) 
is at WO accress 3BAH. MDASO is HSYNC. The 
VG600 generates a synthesized HSYNC pulse 
approximately 7 or 8 microseconds wide for this 
purpose. MDASS3 in the IBM MDA board is the 
video output. In the VG600 it is the logical or of all 
8 pixels written to the LCD. MDAS[1. .2,4. . 7] are 
zero when read. Assertion of the RESET signal will 
reset MDAS[0,3]. 


When MDA moce is selected, the VG600 responds 
to memory accesses in the (BOOOOH-87FFFH] 
range. The VG600 addresses the memory contents 
in exactly the same fashion as an MDA adaptor. 
The 4 Kbyte [{B0000H. . BOFFFH] range is mirrored 
eight times to fill the 32 Kbyte [BOOOOH. .B7FFFH} 
range. This mirroring does not occur when the dis- 
ptay buffer is accessed through [E8000H . .EFFFFH]. 


The MDA attribute byte, MDAAT[O. . 7], controls 
how the character is disptayed. If MDAAT7 and 
MDACS are set, then the character blinks at the 
rate specified by ATTBLK[O. .1]. When the char- 
acter blinks off, the font lookup character will be 
20H. If MDAATS is set then the Enhanced Char- 
acter Generator is used; otherwise the Reguiar 
Character Generator is used. MDAAT[O. .2,4. .6] 
determine the way that the character is displayed. 
The MDA underline character set is used, if 
MDAATO is set and MDAAT]1. .2,4. . 6] is reset. 
Otherwise the normai character set is used. The 
character is hidden if MDAAT[O. . 2,4. .6] are all 
reset. The Character is displayed in reverse video, 
if MDAATIO. .2] are reset and MDAAT{[4. . 6] are set. 


ATT IO Registers and Memory 


When ATT mode is selected, the LCD subsystem 
responds to IO accesses in the (3D0H. .3DFH} 
range. The IO port at 3DOH is the 6845 compatible 
write only 8-dit Index Register (IR). The !O port at 
3D1H is the 6845 compatible Data Register (DR). 


The write only 5-bit ATT Mode Select Register A 
(ATTMSA) is at 1O address 3D8H. The bit definition 
for this register is: 


| Bit | Name | Setting | 
cCRES | 0 | 40x25 Alpha 
80 x 25 Alpha 


me | of Character Mode 
ae VIDE | 0 | Video disabled 


Video enabled 
4 | 0 | 320x200APA 
es BLINK |__0 | MSB of attribute is intensity | 
ATTMSA[2,6. .7] are ignored when written. 
Assertion of the RESET signal wiil reset 


ATTMSAIO. . 1,3. . 5]. 


The VG600 does not implement the Color Select 
Register at 3D9H. This register is used in a CGA 
adapter or specify the colors used in graphics 
mode. The VG600 uses black for the foreground 
color and white for the background color in both 
640 x 200 and 640 x 400 graphics modes. However, 
in 320 x 200 mode and text mode the pixels and 
characters can be modified by shading, using 
shade codes stored in the palette registers. Using 
methods described under those dispiay modes, the 
VG600 selects a shading method from one of the 
palette registers and modifies the display 
accordingly. 


Shading is done by logically ANDing the pixeis 
being displayed with shading signais. Shading can 
be done in three ways: grayscaling, crosshatching, 
and combinations by the two. in grayscaling a pixel 
is duty cycle modulated over an integral number of 
display frames, by ANDing it with a time varying 
pattern that repeats every 6 frames in X/3 moduia- 
tion and every 8 frames in X/4 modulation. The X/4 
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pattern size is 4x 4 pixeis, the X/2 pattern is 2x2 
pixels, and X/3 pattern size is 4x 2 pixels. In cross- 
hatching the pixeis in a 4x4 area are ANDed with a 
pattern to turn off those that coincide with ‘off’ 
pixels in the pattern. Three patterns are provided. 
One is a checkerboard with every other pixel off. 
Ancther is a stash, where the 4 pixels in a line from 
the bottom left to top right corner of the 4x 4 
square are ‘‘off.’" The other is a backslash, where 
the 4 pixels in a line from the top left to bottom 
right corner are “‘off."’ Combinations are provided 
where the pattern is ORed with a duty cycle signal 
and the resuit is ANDed with the raw pixel data. 
The result turns the pixels that were turned off by 
the pattern back on for part of the time, so they 
become gray instead of completely off. The other 
type of combination ANDs the pattern with the duty 
cycle signal and the result in ANDed with the raw 
pixel data. The result is that the pattern turns some 
of the pixels off, and the ones that remain on 
become gray. The shade codes are: 


Data AND Time 
Data AND Time 
Data AND Time 
Data AND Time 
Data AND Time 
Data AND (Pattern OR Time) 


Data AND Pattern 

Data AND (Pattern OR Time) 
Data AND (Pattern AND Time) 
Data AND (Pattern OR Time) 
Data AND Pattern 

Data AND (Pattem OR Time) 
Data AND (Pattern AND Time) 
Data AND (Pattern OR Time) 
Data AND Pattern 


The read only 2-bit ATT status Register (ATTS) is 
at 10 address 3DAH. ATTSO is the logical OR of 
HSYNC and VSYNC. HSYNC is approximately 7 or 
8 microseconds while VSYNC is approximately 

170 microseconds, depending on display mode and 
OSC frequency. ATTS3 is VSYNC. ATTS[4. . 7] are 
one and ATTS[1..2] are zero when read. 


The VG600 does not support a light pen. The IO 
ports at (3DBH. .3DDH,3DFH] are ignored when 


read or written. 


The write only 3-bit ATT Mode Select Register B 
(ATTMSB) is at IO address 3DEH. The bit definition 
for this register is: 


Function 


640 x 200 APA, | 
two 16K alpha pages 


640 x 400 APA, 
one 32K alpha page 


PAGSEL Select low page 
for dispiaying 
1 Select high page 
for displaying 
UNDRLN | 0 —«|_- Underline disabled | 
Underline enabled | 


If a 200 line dispiay is used, setting GRES1 or 
PAGSEL will have no effect, and the VG600 will be 
CGA compatible rather than ATT compatible. 


ATTMSB[1. .2,4. .5,7] are ignored when written. 
Assertion of the RESET signal will reset 
ATTMS[0,3,6}. 


GRAPH, CRES and GRES[O. .1] are used to select 
the ATT mode: 


| GRAPH | CRES | GRES1 | GRESO | ATT Mode __| 


In 400 line display mode the entire 32 Kbyte display 
buffer may be accessed through the SA range 
[B8000H . .BFFFFH}. if a 200 line dispiay is used 
the 16 Kbyte display buffer may be accessed in the 
range [B8000H. . 8BBFFFH}. There is no mirroring in 
true ATT modes, and is mirrored at [BCOOO. . 
BFFFFH] exactly like a CGA. 


ATT Alpha Modes 


There are two ATT alpha modes: 40 x 25 and 

80 x 25. The method of character/attribute memory 
mapping is the same as for CGA alpha modes. If 
GRES‘1 is set, then ail of the 32 Kbyte Display Buf- 
fer is available for dispiay. DSA[O..13] * 2 is the 
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address of :ne upper left corner character/attribute. 
If GRES1 is seset. the PAGSEL determines whether 
the upper c: ower half of the Dispiay Buffer is 
used. If PAGSEL is reset. then DSA[O. .12] * 2is 
the address cf the upper teft corner character/ 
attribute anc cisplay wraparound occurs from the 
middie 16 Kbyte boundary of the Display Buffer to 
the start of ine Display Buffer. If PAGSEL is set, 
then (DSAIO. . 12] * 2}+4000H) is the word 
adaress of ine upper left corner character/attribute 
and display wraparound occurs from the end of the 
Display Butler to the middle of the Display Buffer. If 
a 200 line c:solay is used. the VG600 behaves as if 
GRES1 ano PAGSEL are always low. 


If underline is enabled, then the ATT attribute byte, 
ATTAT(O. . 77, is interpreted in the same way as the 
MDA attribute byte, MDAATIO. . 7]. If underline is 
disabled, then ATTAT[O. . 7] may be used to display 
the character using shading. If ATTATS is set, then 
the Enhancea Character Generator is used; other- 
wise the Reguiar Character Generator is used. 


if underline is disabied, the attribute bits can be 
used to dispiay the characters with shading. To do 
this, the foreground color attribute bits are each 
logically or'ed with their corresponding background 
color bits to form a 3 bit code. The paiette register 
indicated by this code is read, and the character is 
displayed using the shading method whose code is 
stored in that palette register. The foreground color 
attribute bits ATTAT[O. .2] are aiso compared to the 
background color bits ATTAT[4. .6] and if they are 
equal and of equai itensity, the character is not 
displayed by forcing the font lookup character to be 
a space. In addition, if the foreground bits 
ATTAT[O. .3] are less than the background bits 
ATTAT[4. .7] the final pixei output is inverted after 
shading has been applied. For purpose of this 
comparison, ATTAT7 is considered to be low if 
ATTMSAS (blink) is high. The table below shows the 
palette register selected by the code generated by 
or'ing the attribute bits. 


Attribute Bits 
6+2 | 541 Palette Register 


oQaAO- Ow Oo 


ATT APA Modes 


There are three ATT APA modes 320 x 200, 

640 x 200 and 640 x 400. 400 line graphics mode 
requires a 400 line display. If a 200 line dispiay is 
used, the VG600 behaves as if PAGSEL and 
GRES1 are iow. The pixel to memory mapping for 
the 320 x 200 and 640 x 200 modes is the same as 
those modes in a CGA adapter. For the 320 x 200 
and 640 x 200 modes, GRES1 is reset. PAGSEL 
determines whether the upper or the lower haif of 
the Display Buffer is used. if PAGSEL is reset, the 
iower haif of the Display Buffer is used and display 
wraparound occurs from the middie of the Disptay 
Buffer to the start of the Display Buffer. if PAGSEL 
is set, then the upper half of the Display Buffer is 
used and display wraparound occurs from the end 
of the Display Buffer to the middie of the 

Dispiay Buffer. 


The pixel to memory mapping for the 640 x 400 
mode is the same as the 640 x 400 made of the 
ATT adapter. (0 MOD 4) horizontal lines appear in 
the [B8000H . .B9F3FH] address range. (1 MOD 4) 
horizontal lines appear in the [BACOOH. .BBFS3FH] 
address range. (2 MOD 4) horizontal lines appear in 
the [BCOOOH.. .BDF3FH] address range. (3 MOD 4) 
horizontal lines appear in the (BEOOOH. . BFFSFH] 
address range. For this mode GRES1 is set and 
PAGSEL has no effect. 


Each pixet in the 320 x 200 graphics mode is 
represented by a 2x 2 block of LCD screen pixeis 
on a 400 line display, or by a 2x1 block on a 200 
line display. In 320 x 200 graphics mode, the VG600 
uses the following C[0. . 1] to read the shade from 
the indicated palette register, and displays the 
pixels using that shading: 


| ct | co |  PeletteRegister 


NA — displays background color 
3 


10 Addresses 


03B0H. .03BBH VIDEO 10, MDA MODE 
OSBFH VIDEO 10, MDA MODE 
O3D0H . .3DFH VIDEO 10, ATT MODE 


1O addresses are to be decoded using only 
SA[O. .9], qualified by AEN =0. 
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VG-600 BLOCK DIAGRAM 


LCD TIMING 
TEE AA POO REFRESH 
C Ch 4 coer LLL LCD DATA 


CPU 


CONTROL 
ee 
READY ; INTERFACE 
ULL 


> 
CONTROL 
_}-———— J 
Z RAS, TAS. WE 
Z 3c 


ZA 
aporess LLL AEE 
SAG:19 


WKY 


SS 


NIN 2504 20s 


7 
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VG-600 OUTPUT CURRENT DRIVE CAPABILITIES 


All VG-600 outputs are designed with IOL/IOH at 
6/3 mA except for IOCHRADY at 12/0 mA and 
SHCLK, LOCLK, E, TLCD [0:3], BLCD [0:3], 
FRAME. M. SD [0:7] at 12/6 mA. 


VG-600 MAXIMUM CAPACITANCE LOADING 


Maximum Output 
Load (pF} 


VD[O:15], VMA[O:7], *RAS[0:1] 
*CAS[O:1], “WE, EA[1:15], “EWE 


SA[0:19], SD{O:7], *SMRD, 
*SMWR, *SIORD, *SIOWR, 
IOCHRDY. SAEN, OSC, RESET 


TLCD[0:3}, BLCD[0:3], SHCLK, 
LOCLK, FRAME, M, E 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 


(Parameter | Symbot [in | Max [Unit 
Power sunny vorase | Ve | 0 | 70 |v | 
rr 
Foperaingemoeraurerange | Top | -25 | 05 | | 


Comment: Exposure to Absolute Maximum Ratings for extended 
periods may affect device reliability; exceeding the ratings could 
cause permanent damage. 


RECOMMENDED OPERATING CONDITIONS 


| Limits | 
ame | pts | 


Power Suny Voge | Vee | 475 | 525 | v | 
ambient Tenperaure | 7, | 0 | 70 | 0] 
F Lowievel out votase | ve | | ve |v | 
rinn-ovel input vonage | vw [20 [| v_| 


! Output Short Circuit 


DC CHARACTERISTICS 


Parameter Unit | Conditions | 


Low-jevel Output TTL and 
Voltage Vou ~ 10451 VJ omas 
High-level Output 

High-level Output 


Low-level Input Current | fy | — ]-200] pa | 


High-level input Current ee ae Vin=2.4V,_| 
Vecp=5.5V | 

High-level input Current ce Ge ee ae = Vin=5.5V. | 
=5.5V | 


Panant — [-100] mA |Vo=ov 


Input Clamp Voltage Vie -15|) Vo jj=-20mA, 
Veep =4.5V 


[tout Lzakage Curent | You [100] 100 [A [2 
ouput Leakage Curent | iguz> | 200] ae | ot poe 


Clock input Low Vv 
Voltage Le 
Clock Input High Vv 
Voltage THE 


Fecro Sate Votage | Ves Bel 
foveraing Curent | be | —| [map J 
Operating Frequency | ho | — [167 [wwe] 1 
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VG-600 TIMING CHARACTERISTICS 


CPU Intertace and I/O Access Timing 


No. | Parameter 
| tego | Commans to IOCHRDY low | 
: Address set up time 


legg | Memory read data set up 
/ | time 


teog | Memory reac data hold 


Memory white data delay 
table 
Memory wnie data hold 
time 

5D bus to VD bus through ! 
delay 
| I/O cycie address set up 
time 


/ 
) 
| 
{ 
i 


/O reaa access time 


tg10 

17 
tere 
te13 


VO white data valid time 


LCD Interface Timing 
No. 


SHCLK puise width 
SHCLK puise width 


lesz 


tesa 


Teas | 8 


AS 0 
Tix WO eve ates rome | Tow | 10] [os | 
| CC 


ran [v0 rao cata ro te | tome | [fos] 
ro wie cna stun ume | tows | 50] fms] | 


| Symbol | Min | Max { Unit | Comment | 


25 {| as | i 
| 


Teroy 
ns | 


To 


Toa 


bowon | 10} | 


a 
a 
[roe cas wo SHOLK nome Tu ys 
[texe | ate de | eC 

[sHoux puse wan «dao | 8 Tort] iC ec 
“Tooukw suoixceayene id) uw | 25% dt CS 
ee | SHOLK TO LOGLK dey ome =; Tup | 2 tet] «ds | LODO 
sucik tor edge ome | te fC] | C*S 
eg] LOOUR hight Ew eeay me | Tua | tev | | me |) oer UD ope LOCK | 
[Ew © LOGLK wow coty tre) Tugs | 48 Tort | | __as | 200 te al sreon ony 
"SHARP LCD ype LOCLK puse wath | Tay | 28% -0 | [= | 
Tee [SHARP LOD ype Loci SHCUKow | Tes [0 | [ms | SSSSC—~SY 
| SHARP 0D ype LOGLK Te SHOLK Mt [| Tae [| 0 «| | CCS 
2 


13 


RAM Interface Timing 


Tey = 60ns | Foy 70es | 
No. Parameter Symbol| Min i Max | Min | Max / Unit | 


2 
eis | AAS preoarge ime [we | S01 — [961-8 
Ter| RAS now ume [Tage | 58 | — [65] = [| 
ays CAS t AAS orcharge me [Tow | 18 1 — [18 


ao | Row acess hot tne [Taw | 25 1 — | 25 | 

ex | Cokmn aacress set up ime [ase | 16 1 — | 16 | 

ae | Cour aaoress ho time [Toys | 251 — | 25 
| 


taza | Column address hoid time = 
Tha 


to RAS 90 | 


es | Read command setup ome [Tes [10] — [10 | — | 
gs [Data nos ime [Tom [10] — 10 | — | 
fey [Daa setup ue [Top [10] — 10 | —| oe | 
ex | SRAM acces Une reed [Tugs | — [18 | — | 795| oe 


teca [SRAM cata noid time | Tacn_| 9 | — | 0 | — | 25 | 


ns | 


| as | 


— | 


2.5 Tey 
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VG-600 TIMING WAVEFORMS 


CPU Interface Timing 


“SMRD 
*“SMWR 


IOCHADY 


teoo 


= 7“ LIL a ZL 
= \Litiil, CZ MUM 
STO | <= $e YU 
Wo" LL XE 
VO Access Timing 
8 Woe i, WS 


ter teu 


a EES S(T AVKI}y CG 


RAL NN 
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VG-600 TIMING WAVEFORMS (continued) 


DRAM Interface Timing 


te16 


= ters 


*CASO.1 si Sas 
; Tet 
“ a 
VMAO~7 , 


Yi’ En Fa YIIJH001 Wr 
yeas WW = Cm 
SRAM Timing 
” oe 
vanes YvALID 
15 
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VG-600 TIMING WAVEFORMS (continued) 


LCD Interface Timing 


bi, Us, 


te30 


SHCLK 


LOCLK 
t637 ig34 


LOCLK 
(SHARP) tain isa 


tea2 


ng enna ee 


°200 LINE DUAL SCREEN LCD TYPE. 


a 
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VG-600 CONFIGURATIONS 


200 Line with Static RAM 


32k x 6 SRAM 


200 Line with Dynamic RAM 


17 


This Material Copyrighted By Its Respective Manufacturer 


PRELIMINARY 
VG-600 


LCD CONTROLLER FOR 
PC ARCHITECTURE SYSTEMS 


VG-600 CONFIGURATIONS (continued) 


400 Line with Static RAM 


A[O..14} 


400 Line with Dynamic RAM 
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SUPPORTED LCD DISPLAYS 
640 x 200 — Single Screen 640 x 200 — Split Screen 640 x 400 — Split Screen 
Toshiba TLX-561 Sharp LM64004G Sharp LM640351 
Hitachi LM250X Hitachi LM236X8 Sharp LM64015T 
Toshiba TLX-932 Hitachi LM585X Sharp 64035W 
Seiko F6450 Sanyo LCM-591-15A Matsushita EDM-LG64AA02D 
Sanyo LCM-5205-01A Sanyo LCM-5203-01A Toshiba TLX-1191 
Hitachi LM-252X 
Sanyo LCM-5218-01BA/02BA 
Sanyo LCM5201-01A 
Matsushita EDM-1G64AA01 
Seiko F642F 
SAMPLE APPLICATION 


AY 

YZ Y, Lep 
LILA ALLL 
Y) 
Y 
Z VEEL 


MUL thy, s 


AOBR 
urns | now / 
OR. OW | CLL 
Om eee 


CULL 


1. Required tor 400 line dispisys onty. 
Z. 16.7 MHz tor 400 line displays that require 70 Hz retresh. 
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19.5 (MIN) 
20.5 (MAX) 


13.75 (MIN} | 
i i 

j 

i 


a 
ee TCC 


19.75 (MIN) 
20.25 (MAX) 


25.5 (MIN) 
26.5 (MAX) 


gs 


a _ 
— asec — pr 
aig croaaiae ey 2.25 (MAX) | ae 


SEATING PLANE ~ 
0 (MIN) | | 


5 (MAX) 


ANT 
—— 


1.7 (TYP) 


i 
ds 
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